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Water quality, flows and fish numbers—Looking for correlations in the 
Shasta River. 


Concern for water quality (especially temperatures) is focused primarily around meeting 
the needs of coho and chinook salmon and also steelhead. The recent listing of coho, and 
the near listing of steelhead, along with the pending development of an attainment plan for 
the Shasta to meet the mandates of the Clean Water Act (establishment of TMDLs) have 
all sharpened the focus on water quality, and necessitated a review of the present 
conditions and trends in the Shasta River. How well we are doing in these areas wil) have 
significant effects on land and water uses in the Shasta Valley in the future. 


Ideally, we would be looking at conditions in a way that is specific for the main species of 
concern—coho arid steelhead. Unfortunately, while both coho and steelhead are present in 
the Shasta, their timing, currently low numbers, and lack of reliable data effectively 
prevent us from using them as an index of success. The best we have available is the 
information on fall chinook. 


There are several important differences in the life histories of chinook, coho and steelhead. 
Chinook mostly leave the Shasta River for tae ocean in the spring and early summer. Very 
few remain in the Shasta through the summer before leaving. Coho, on the other hand, 
must spend at least their first year in fresh water, and apparently don’t leave the Shasta 
until they are about a year old. That means that they must have suitable conditions through 
one entire summer in order to survive. 


Steelhead have even more difficult requirements to meet. They may stay in the Shasta for 
two or more years before leaving for the ocean, making the necessity of good water quality 
all summer even more important. Steelhead leave the Shasta in the late spring and early 
summer. They formed the foundation of a commercial fishery in the Shasta in the 1860's, 
and also made the Shasta the most heavily sport-fi:shed stream in Siskiyou County in the 


1950's and 1960's. 
Data available: 


The US Geological Survey has been collecting river flow data near the mouth of the Shasta 
since 1934. Before that they collected flow data intermittently from * 312-1933 where the 
Montague-Grenada Road crosses the Shasta. They also collected maximum and minimum 
temperatures between 1965 and 1979 near the mouth of the Shasta, and flow data near 
Edgewood above Dwinnell Dam from 1963-67. DWR has been operating gaging stations 
at both the Montague-Grenada Rd., and near Edgewood since they were abandoned by 
USGS. 


The California Department of Fish and Game (DFG), Shasta “RMP (CRMP), California 
Departinent of Water Resources (DWR), and North Coast Regional Water Quality Control 
Board (RWQCB) have collecied extensive sets of temperature data, some of it in the form 
of grab samples, and some in continuous form collected over many months. Their records 
span the period irom the 1950's through the present, although continuous data was only 
being collected starting in the mid-1990's. 
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Other water quality testing, including nutrients, dissolved oxygen, and minerals has been 
done intermittently in the form of grab samples, mostly by DWR and RWQCB, from the 
1950's through the present. 


The DFG has been counting spawning fall chinook salmon in the Shasta since 1930, and 
counted. They did some trapping and counting of outmigrating juvenile chinook in the 
1960's to establish outmigration timing, trapped and tagged outmigrating juvenile chinook 
salmon in the laie 1980's, but only began systematically counting outmigrants in an effort 
to estimate total outmigrant numbers in 2000. 


Temperaiure trends in the Shasta 


At the present time, river temperature information is being gathered at well over a dozen 
sites throughout the Shasta Valley (see attachment 1). Utilizing funding from this grant, 
all of the recent (1994-present) temperature data has been assembled into annual data sets 
for possible analysis. Prior to 1994, the only data that was being collected on a continuous 
basis over any time period was from the mouth of the Shasta (collected by USGS). That 
data, along with an array of single instance grab samples was also entered intu electronic 
jon eduiinenaandenas. To look at trends over time, the only site 
where we can make useful comparisons is at the mouth of the Shasta where data spanning 


many years is available. 


The USGS data spans 14 years (1965-78). Recent continuous data cover: 7 years. In 
order to make meaningful comparisons that could be readily followed and understood, the 
data examined needed to be somehow limited. I chose to use the months of May and 
September (see attachments 2 and 3) as indicators of change over time when conditions 
were at or near critical. 


Water temperatures in May can approach lethal, affecting oth outmigrating and 
oversummering juveniles. By June, water temperatures at the mouth have generally begun 
to reach lethal temperatures intermittently. May seemed like a good index month, in which 
any change since the 1960's would be both apparent and significant. 


September is also a critical month, primarily for returning fall chinook. High water 
temperatures «an limit entry into the Shasta, reduce egg survival, limit spawner dispersal, 
and increase inriver mortality. It is a month when the purchase of water for increased 
instream flows could be bencficial to at least fall chinook. By October, night temperatures 
are dropping, and river flows have increased with the end of the irrigation season. 
September also seems like a month when changes over time would be both apparent and 


significant. 


USGS data is limited to maximum and minimum daily temperatures. More recent data can 
be compared on those two parameters for indications of trends over the last 35 years, a 
time period when fall chinook coho and steelhead numbers plummeted. The data from 
1994 to the present corresponds to a time when substantial work has been started to 
improve water temperatures, although insufficient time has elapsed to expect much change 


to be apparent. 
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Visually, there appears to be a break in the USGS temperature values occurring between 
1971 and 1972. What, if anything beyond normal weather patterns this represents is 
unclear. The temperatures from 1994 to the present seem to be similar ‘o the values from 
1965-78. It should be noted that the data sets for May 70, May 75, Sept 95 

May 98 cover substantially less than full months (see attachment 4). 


Minimum Temperstures, Shasta River May end Sept. 
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Minimum temperature values show a definite trend towards cooler temperatures. Why this 
would be is not clear. The above mentioned data limitations limit interpretations. Possible 
a a ap 
. Changes in vegetation in the canyon—possibly increased tree heights reduce heat 
radiated from canyon walls, but still allow the nver to radiate heat to the sky at night 
while the river reaches equilibrium during the day during the entire period of record 
(hence no change in maximum temps). 

2. Reduced stream flows, allowing greater cooling at night, while the river reaches 
equilibrium during the day during the entire period of record (hence no change in 
maximum temps.) 

3. Decreased shading on the Shasta River in the open areas of the Shasta Valley, allowing 
greater radiation of heat at night, while the river reaches equilibrium during the day 
during the entire period of record (hence no change in maximum temps.) 

4. Climatic change resulting in cooler, windier or clearer nights, allowing greater heat 
loss. 


The absence of long-term upstream data, average temperature data from the 60's and 70's, 
or data over a longer period of time makes any conclusions speculative. Data on air 
temperatures would also be helpful, and could be researched. 


Flow Data 


Flow data for the months studied is complete (see attachment 5). Most noteworthy is the 
extremely high flows observed in May of 1998 (highest on record). Other than that, mean 
monthly flows have tended to be in the normal range, with their average apparently 
somewhat higher than normal. September in particular shows the effect of the long series 
of wet years with good snowpack beginning about 1995. 





Mean Flows, May and Sept 
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Minimum flows for the months studied show more strongly that the range of minimum 
September flows since 1994 have tended to be above the values found between 1965 and 
1978. This is consistent with the shift in weather towards wetter years, and also may 
indicate greater attention to maintaining instream flows by water managers. Conclusions 




















for May are similar. 
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Fall Chinook spawner numbers 


Spawner counts for this period are also complete (see attachment 6). Unfortunately, fall 
chinook return to spawn at ages 2,3,4,and 5 years, and for most of the period of record, the 
only distinctions made were between 2 year olds, and adults. This makes it difficult to 
examine water conditions for either the parent years in a given spawner run, or the progeny 
of that run when they return. This difficulty is further compounded by changes in fishing 
that have occurred during this time. Harvest impacts take an unknown percentage of each 
year class of Shasta salmon, and harvest has shifted from primarily occurring in the ocean, 
to the current situation where it is intended to be split equally between the ocean and that 
which occurs in the Klamath River. In-river harvest in particular has the potential to 
impact early running fish, like those returning to the Shasta. Finally, conditions in the 
Klamath and in the ocean can vary greatly from year to year, further confounding an 
evaluation of the effects of water quality within the Shasta itself. 
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Given all of the above limitations, still the bulk of the adult salmon return at ages 3 and 4. 
Spawner numbers could be ccmpared to water conditions in the fall 3 and 4 years prior to 
the date they return to spawn to look for water quality impacts on the parent run, and three 
and four years later to look at water quality impacts at the time of spawning may have been 
on the progeny as they return as adults. Finally, water quality the year after spawning 
would affect the survival of the juvenile fish as they outmigrate to the sea, and so could be 
compared to spawner retums 2 4 and 3 % years later’. 


It also needs to be noted, that high winter flows (while salmon eggs are in the river gravel, 
or the salmon have just emerged (roughly October through February for fall chinook) can 
have much more profound impacts on overall survival, and that those impacts will not be 


discernable from summer water quantity and quality data. 


Given these multiple overlapping variables, most of which cannot be well described with 
available data, there secms to be little point in attempting to analyze each of them at this 
point. 

Conclusions 


Water temperatures, spawner returns and mean daily flow data are all fairly robust data 
sets, although waier temperature data for a longer time frame would have been extremely 





' Calendar year 2000 is the last period for which any spawner information is available. Age analysis was not 
systematically initiated until the 1980's. Those saimon that returned at age four in 2000 came from eggs laid 
in 1996, and they almost certainly outmigrated in the spring and summer of 1997. Hence, the only period for 
which reasonably complete information could be available is the period from 1994 (when recent water 
quality data collection began) and the spring and early summer of 1997, when the bulk of the outmigration 
would have been complete, much too short period in which to try to weigh all the competing climatological, 
water quality, ocean condition, and harvest factors that are operating simultaneously. 


























helpful, as would historic data from further upstream in the Shasta. Both water 
temperatures and flows seem to show a slight improving trend as far as fish are concermed. 
What this is a result of is not clear at this time. Possibilities include improvements in 
riparian habitat, higher than rormal precipitation, climatic shift, or changes in water 
management. Whatever th case, the fact that conditions have not gotten worse should be 
viewed as significant, since this was a time period when irrigation related equipment and 
infrastructure’ has improved, population has risen, and one would expect that demands on 
resources, including water, would have gotten greater. 


Realistically, there are far too many other variables to allow accurately assessing the water 
quality impacts on recent fish numbers with the limited duration data currently available on 
flow, temperature or spawner numbers. Efforts to present assumptions based on these 
factors should continue to be questioned closely until either a better accounting is possible 
of all life stage impacts on fish survival, or outmigrant numbers data can be used to 
eliminate out-of-basin impacts. At the same time, the fact that there is apparently no 
correlation that is so strong that it overrides all other factors cannot be taken as proof that 
there are no water quality related impacts that could be reduced. It continues to appear that 
no single factor can be responsible for fish declines, and no single remedial action will 
restore their numbers. 


Recommendations: 


The continued gathering of outmigrant data is critical to our ever having the opportunity of 
evaluating fisheries restoration progress in the Shasta, and needs to be continued 
indefinitely. The development of a total outmigrant estimate should continue to be a goal 
of the program. Likewise, temperature data can and should continue be gathered at key 
locations along the river. Other water quality parameters \‘:an temperature need to be 
looked at to eliminate them as possible mortality factors. 


Given the apparent absence of a strong correlation between fish numbers and changes in 
conditions in the Shasta (at least in the limited data examined here)’, increased emphasis 
should be placed on investigations outside the Shasta Basin to better understand the 
sources of the variability in fish numbers observed. Fuller understanding of all the sources 
of variability is needed to develop the most effective mechanisms to increase fish numbers. 


While current conditions in the Shasta are apparently long-standing in nature, opportunities 
for improvement should be aggressively pursued in order to assure that bottlenecks are not 
developing or occurring within the watershed. 


Additional data may or does exist that could help to clarify trends, including long term 
climatic data for the Yreka area (1878-picsent), and temperature data collected by DFG 
counting weir operators during the 1950's‘, and possibly earlier. 


? Including the widespread ownership of backhoes and dump trucks, and the availability of relatively lower 


cost plastic pipes and culverts. 
Pull electronic temperature datasets were submitted with this report to allow others to perform more 


extensive analysis. 
‘ Administrative reports by Coots beginning about 1950 mention water temperatures without providing the 


data. Efforts to find that data have been unsuccessful to date. 

















Attachment 1 


Primary Temperature Monitoring 
Locations in Shasta River Watershed 


























Daly Temperature Vatues 
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Attachment 2 
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Oaty Temperature Vatues 






















































































































































































Temperature Summary Attachment 3 
Mouth of the Shasta 
May and Sept., 1965-2000 
a nm a = 
[ 1s95| 4066 1967, 1068, + +~—« 1960 1970| 1974 1972 1973 1974) 1975 
Minimum | 
May 16.7 17.0 120 12.5 13.5 17.5 14.0 | 
Sep 16.7 17.8 17.0] 15.5 11.0 14.0 16.5 18.5 18.0) 
Max+minv2 
May 20.8 20.0 18.0) 16.8 19.8 22.0 19.0 
Sep 20.5 21.1 20.5 19.0) 16.3 20.0) 20.0 22.3 21.3 
|Maximum 
May 25.0) 23.0 24.0 21.0) 26.0 265 24.0 
Sep 24.4 24.4 24.0} 225 215; 260) 235 26.0 24.5 
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Mouth of the Shasta 

































































1976 1977 1978 1904 1905 1906 1907 1908; 1909.0 2000 
Minimum 
17.5 145 16.2 11.7 11.7 16.1 11.0 9.7 10.9) May 
19.5 15.8 12.9 15.5 12.3 12.9) 13.7 11.8 11.8|Sep 
Max+mirv2 
21.0) 19.8 19.8) 18.1 16.1 20.9 15.3 16.4 18.2|May 
23.0 21.2 17.2 19. 18.3 18.1 19.8 17.0 17.3|Sep 
Maximum 
24.5 25.0 23.5 245 20.5 25.8 19.6 23.1 25.4|May 
26.5 26.6 215 22.6 24.2 23.2 25.8 22.2 22.9|Sep 
Mean 
17.6 15.7 18.7 13.9 15.7 16.6| May 
17.4 16.9} 17.1 175 18.7 17.8 17.7\Sept 
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Sept 95 comparisons mouth and YA Rd 
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Ter perature Data Availabilty Attachment 4 
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Monthly Flow Data, Attachment 5 
Mouth of Shasta May and September 
Min Max Min Mean 
60 92 2 45 66 
7G 66 May-67| 471 132 231 
15 62 May-68 103 38 64 
132 231 May-69] 195 68 123 
38 64 May-70] 206 91 135 
20 57 May-71] 591 197 359 
68 123 May-72] 302 40 106 
“ 81 May-73) 110 # | & 
91 135 74] 312 117 214 
22 59 May- 440 216 207 
197 350 144 “4 87 
“0 85 May- 148 51 85 
rT 106 May-78| 203 83 133 
30 81 May-79) 282 54 134 
—o | & | _— 
4 55 104 42 78 
17 | 204 445 115 261 
38 72 275 01 168 
216 207 171 52 105 
“a 75 1080 255 678 
“ 87 285 195 227 
32 7 164 113 149 
51 85 Average | 29? oe 179 
) 31 median 91 
33 133 iit 
7) 162 
54 AH ——— 
, o | 71 Sep-66]__ 127 5 | 6 
04 42 78 Sep-68]_ _ 90 20 57 
04 13 30 Sep-60]__ 120 “ ot 
05 115 | 261 soit 2 ad 
05 a7 63 Sep-71] 172 rT) 6 
06 01 168 Sep-72| 183 30 81 
06 30 78 Sep-73]__125 40)CUS 
OT 52 105 Sep-7 116 38 72 
>o7 42 “6 Sep- 116 48 75 
06 255 676 =a 32 v3 
< 57 101 Sep 120 9 31 
00 16 | 227 Sep-78}__ 453 80 162 
OG @2 79 Sep-79 119 49 71 
113 149 | 
34 65 66 13 30 
eet “oe | 47 63 
Sep 7 30 78 
140 42 8 
Sep-08] 153 51 101 
Sep-00] 114 62 79 
Sep-0o] 102 34 65 
average | 130 39 75 
median | 30 


















































River 
flows, May and September, Shasta 
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09/01/1965 


09/07/1965 


09/10/1965 
09/11/1965 
09/12/1965 
09/13/1965 
09/14/1965 
00/15/1965 
09/16/1965 
09/17/1965 
09/18/1965 
09/19/1965 


09/21/1965 
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05/01/1966 
05/02/1966 
05/03/1966 
05/04/1966 
05/05/1966 
05/06/1966 
05/07/1966 
05/06/1966 
05/09/1966 
05/10/1966 
05/11/1966 
05/12/1966 
05/13/1966 
05/14/1966 
05/15/1966 
05/16/1966 
05/17/1966 
05/16/1966 
05/19/1966 


05/21/1966 


71 
72 
68 
66 
73 
67 
73 
80 
8&3 
75 
68 
66 
66 
71 
77 
74 
70 
71 
63 
59 
53 
51 
55 
45 
45 
46 
46 
57 
63 
77 
92 
92 
45 
66 
May-66 
92 
45 
65.9 


09/01/1966 
09/02/1966 
09/03/1966 
09/04/1966 
09/05/1966 
09/06/1966 
08/07/1966 
09/06/1966 
08/09/1966 
09/10/1966 
09/11/1966 
09/12/1966 
09/13/1966 
09/14/1966 
00/15/1966 
09/16/1966 
09/17/1966 
00/18/1966 
00/19/1966 


09/21/1966 

















May-04 
Sep-04 
May-05 
Sep-05 
May-96 
Sep-06 
May-07 
Sep-07 
May-06 
Sep-06 
May -09 
Sep-00 
May-00 
Sep-00 


] 
—_ 
-_ 
R 


SSESneesee 


oe -—* >_> a 
NIasBlVRSsB 
nn 


445 1 
87 47 














05/01/1967 05/01/1968 64 09/01/1968 61 
(5/02/1967 05/02/1968 53 09/02/1968 61 
05/03/1967 05/03/1968 45 09/03/1968 56 
05/04/1967 05/04/1968 45 09/04/1968 39 
05/05/1967 05/05/1968 38 09/05/1968 30 
05/06/1967 05/06/1968 43 99/06/1968 7 
05/07/1967 05/07/1968 58 09/07/1968 42 
05/06/1967 05/08/1968 61 09/06/1968 42 
05/09/1967 336 05/09/1968 53 09/09/1968 39 
05/10/1967 455 05/10/1968 45 09/10/1968 “ 
05/11/1967 440 05/11/1968 46 09/11/1968 58 
05/12/1967 71 05/12/1968 63 09/12/1968 pad 
05/13/1967 301 05/13/1968 56 09/13/1968 4 
06/14/1967 290 05/14/1968 53 09/14/1968 “4 
06/15/1967 240 05/15/1968 58 09/15/1968 29 
05/16/1967 247 05/16/1968 53 09/16/1968 41 
05/17/1967 223 05/17/1968 55 09/17/1968 30 
oanenes? 238 05/19/1968 53 09/19/1968 37 
05/20/1967 245 05/20/1968 62 09/20/1968 40 
05/21/1967 240 05/21/1968 64 09/21/1968 68 
06/22/1967 242 05/22/1968 101 09/22/1968 68 
06/23/1967 218 05/23/1968 103 09/23/1968 76 
05/24/1967 198 05/24/1968 97 09/24/1966 73 
06/25/1967 176 05/25/1968 99 09/25/1968 66 
05/26/1967 154 05/26/1968 95 09/26/1968 87 
05/27/1967 132 05/27/1968 97 09/27/1968 87 
05/28/1967 149 05/28/1968 9 09/28/1968 ed 
05/29/1967 162 05/29/1968 80 09/29/1968 ed 
05/30/1967 162 05/30/1968 59 09/30/1968 7 
05/31/1967 150 05/31/1968 46 
Max 471 Max 103 Max Ad 
Mean 231 Mean - _— ’ 
Max at Max 103 Max 90 
Mean 230.7 Mean 64.3 Mean STA 











05/01/1968 
05/02/1969 
05/03/1968 
05/04/1969 
05/05/1969 
05/06/1969 
05/07/1968 
05/08/1969 
05/08/1969 
05/10/1969 
05/11/1968 
05/12/1968 
05/13/1969 
05/14/1969 
06/15/1968 


05/17/1968 
05/16/1969 
05/19/1960 





09/01/1969 
09/02/1969 
09/03/1969 
09/04/1969 
09/05/1969 
09/06/1969 
09/07/1969 
09/06/1969 
09/09/1969 
00/10/1969 
09/11/1969 
00/12/1968 
00/13/1969 
09/14/1969 
00/15/1969 
00/16/1960 
00/17/1960 
00/16/1968 
00/19/1969 
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FRE OF FE 
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05/11/1970 
06/12/1970 
06/13/1970 


136.3 











09/01/1970 24 05/01/1971 248 09/01/197? 47 
09/02/1970 2 05/02/1971 261 09/02/1971 46 
09/03/1970 43 05/03/1971 432 09/03/1971 48 
09/04/1970 % 05/04/1971 588 09/04/1971 54 
09/05/1970 78 05/05/1971 501 09/05/1971 50 
09/06/1970 64 05/06/1971 527 09/06/1971 67 
09/07/1970 70 06/07/1971 430 09/07/1971 71 
09/08/1970 69 05/08/1971 486 09/08/1971 65 
9/09/1970 43 05/00/1971 537 09/00/1971 62 
09/10/1970 3% 05/10/1971 520 09/10/1971 63 
09/11/1970 33 osi1ie71 = 437 oo/11/1971 68 
09/12/1970 4 06/12/1971 376 09/12/1971 76 
09/13/1970 30 os/iaie71 = «382 ow/13/1971 ™“ 
09/14/1970 28 05/14/1971 354 09/14/1971 69 
0/15/1970 55 osis/1971 328 ow/15/1971 bed 
09/16/1970 48 05/16/1971 329 00/16/1971 60 
09/17/1970 45 05/17/1971 322 09/17/1971 60 
09/18/1970 50 05/18/1971 300 00/18/1971 60 
09/19/1970 5 05/19/1971 255 0/19/1971 87 
09/20/1970 62 05/20/1971 215 09/20/1971 103 
09/21/1970 56 05/21/1971 208 09/21/1971 a7 
09/22/1970 69 06/22/1971 200 00/22/1971 116 
00/23/1970 78 06/23/1971 202 00/23/1971 124 
09/24/1970 70 05/24/1971 197 00/24/1971 125 
09/25/1970 64 05/25/1971 204 00/25/1971 129 
09/26/1970 78 06/26/1971 406 00/26/1971 121 
09/27/1970 96 06/27/1971 426 00/27/1971 121 
09/28/1970 112 06/28/1971 34 09/28/1971 116 
oq2e1e70—s«111 os/2@/1971 361 oo/2a/1971 130 
09/30/1970 116 05/30/1971 307 00/30/1971 172 
06/31/1971 308 
nex 118 Max set Max v2 
Man 2 Min 197 Min “ 
Sep-70 May-71 Sep-7' 
nee 118 Max 501 Max v2 
Man 2 Min 197 Min 46 
Mean 58.1 Mean 358.0 Mean 48 
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09/01/1973 14 osovie7s = 312 own1/1e74 & 
09/02/1973 14 osn2/1974 298 oan2/1974 o7 
09/03/1973 21 05/03/1974 233 09/03/1974 54 
09/04/1973 23 05/04/1974 276 09/04/1974 4“ 
09/06/1973 2 05/05/1974 287 09/05/1974 30 
09/06/1973 21 05/06/1974 280 09/06/1974 38 
09/07/1973 23 05/07/1974 ari OB/O7/974 “ 
09/08/1973 24 06/08/1974 259 09/08/1974 60 
09/08/1973 23 0s0e1974 = 282 ownne1e74 bed 
09/10/1973 26 05/10/1974 263 oariar1e74 83 
09/11/1973 30 06/11/1974 278 ow i/1974 76 
09/12/1973 31 06/12/1974 268 owi2/1974 re 
0/19/1973 29 6/13/1974 249 oa/ia/1974 3 
09/14/1973 25 05/14/1974 236 Omria/1974 76 
09/18/1973 25 05/15/1974 208 oaris/1974 63 
09/16/1973 20 05/16/19." 217 owrierie74 &2 
09/17/1973 19 Os/17/1974 228 OWITNGT4 70 
09/18/1973 2 06/18/1974 228 owierie74 “ 
09/19/1973 28 06/10/1974 187 owierie74 os 
09/20/1973 110 05/20/1974 168 09/20/1974 62 
09/21/1673 128 06/21/1974 174 ow21/1974 "1 
09/22/1973 110 06/22/1974 148 owz2/1974 76 
06/21/1973 109 06/23/1974 141 owz41974 78 
09/24/1973 122 06/24/1974 131 09/24/1974 90 
0028/1973 120 06/25/1976 122 0w/25/1974 o7 
0o/.8/1973 100 06/26/1974 117 09/26/1974 78 
Ow2z7/1973 90 06/27/1974 137 ow27/e74 7 
0@/28/1973 109 06/28/1974 159 ow/28/1974 a2 
o@/2e/1973 100 06/28/1974 172 owrze/1974 110 
09/30/1973 118 05/30/1974 148 09/30/1974 116 
06/31/1974 141 
Sep-73 May-74 = 

hex 128 Max 312 Max 116 
Min 14 ivy 17 Mer 3% 
Mean 55 Mean 214 Mean 72 
Sep-73 May 74 Sep-74 

Max 128 Max 312 Max we 
Min 14 iv 17 Min ae 
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09/01/1976 
09/02/1976 
09/03/1976 
09/04/1976 
09/05/1976 
09/06/1976 
09/07/1976 
09/08/1976 
09/09/1976 
09/10/1976 
00/11/1976 
09/12/1976 
00/13/1976 
09/14/1976 
00/15/1976 
09/16/1976 
00/17/1976 
09/18/1976 
00/19/1976 


09/21/1976 


RRIRSKRRESLSSaeKeseess|sse 


05/01/1977 
05/02/1977 
05/03/1977 
05/04/1977 
05/05/1977 
05/06/1977 
05/07/1977 
05/08/1977 
05/00/1977 
05/10/1977 
05/11/1977 
05/12/1977 
05/13/1977 
05/14/1977 
05/15/1977 
05/16/1977 
05/17/1977 
05/18/1977 
05/19/1977 
05/20/1977 
05/21/1977 
08/22/1977 
06/23/1977 
05/24/1977 
05/25/1977 
05/26/1977 
05/27/1977 
05/28/1977 
05/20/1977 
06/30/1977 
05/31/1977 


May-77 


9 


on 
—_ 


—-_> —- 
SSSHSSLTISIRSERTSSSAAESS 


09/01/1977 
09/02/1977 
09/03/1977 
09/04/1977 
09/05/1977 
09/06/1977 
09/07/1977 
09/06/1977 
09/00/1977 
00/10/1977 
00/11/1977 
00/12/1977 
00/13/1977 
00/14/1977 
08/15/1977 
00/16/1977 
08/17/1977 
00/18/1977 
00/19/1977 


08/27/1977 

















05/01/1978 


09/01/1978 
09/02/1978 
09/03/1978 
09/04/1978 
09/05/1976 
09/06/1978 
08,07/1978 
09/06/1978 
09/09/1978 
09/10/1978 
09/11/1978 
00/12/1978 
00/13/1978 
00/14/1978 
00/15/1978 
09/16/1978 
09/17/1978 
00/18/1978 
09/19/1978 


09/27/1978 


See 
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RSESESESEE 


05/01/1979 
05/02/1979 
05/03/1979 
05/04/1979 
05/05/1979 
05/06/1979 
05/07/1979 
05/06/1979 
05/09/1979 
05/10/1979 
05/11/1979 


- 06/12/1979 


05/13/1979 
05/14/1979 
05/15/1979 
05/16/1979 
05/17/1979 
05/16/1979 
05/19/1979 


05/21/1979 


< a - -s -_—- 
ER Ceeessseass2erKessRaSRSRBIRRass2zh 


bend 
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09/01/1979 92 05/01/1994 56 09/01/1994 18 
09/02/1979 87 05/02/1994 53 09/02/1994 18 
09/03/1979 95 05/03/1994 42 09/03/1994 20 
09/04/1979 95 05/04/1994 51 09/04/1994 27 
09/05/1979 85 05/05/1994 76 09/05/1994 26 
09/06/1979 66 05/06/1904 154 09/06/1994 20 
09/07/1979 55 05/07/1994 194 09/07/1904 14 
09/08/1979 57 05/08/1994 175 09/08/1204 17 
09/00/1979 60 05/09/1994 128 09/08/1905 19 
09/10/1979 51 05/10/1994 92 09/10/1904 14 
09/11/1979 49 05/11/1904 81 00/11/1904 13 
oet2/1970 52 05/12/1904 69 00/12/1904 26 
00/13/1979 61 05/13/1904 69 00/13/1994 26 
00/14/1979 62 05/14/1904 55 00/14/1904 28 
00/15/1979 ei 05/15/1904 47 00/15/1904 31 
oee/1979 63 05/16/1904 56 00/16/1904 27 
09/17/1979 50 05/17/1994 59 00/17/1904 30 
00/18/1979 58 05/18/1904 54 09/18/1904 28 
oeta/1979 59 05/19/1904 52 00/19/1904 29 
09/20/1979 66 05/20/1904 74 09/20/1994 31 
00/21/1979 60 05/21/1904 66 00/21/1904 31 
09/22/1979 61 05/22/1904 ca) 09/22/1904 35 
09/23/1979 58 05/23/1904 89 00/23/1904 32 
09/24/1979 53 05/24/1994 88 00/24/1994 46 
09/25/1979 68 05/25/1904 88 09/25/1904 43 
00/26/1979 75 05/26/1904 52 00/26/1904 36 
00/27/1970 87 05/27/1904 67 09/27/1904 “6 
00/28/1979 90 05/28/1904 58 00/26/1904 53 
09/29/1979 116 05/20/1904 50 09/29/1904 66 
00/30/1979 119 05/30/1994 56 09/30/1904 54 
05/31/1904 55 
Max 119 Max 194 Max 66 
Mean 71 Mean 78 “oan - 
Max 119 Max 194 Max 66 
Mean 70.6 Mean Tez een — 














05/01/1995 355 09/01/1995 61 05/01/1996 144 
05/02/1995 369 09/02/1995 56 05/02/1996 148 
05/03/1995 369 09/03/1995 55 05/03/1996 149 
05/04/1995 371 09/04/1995 48 05/04/1996 153 
05/05/1995 373 09/05/1995 47 05/05/1996 163 
05/06/1995 397 09/06/1995 54 05/06/1996 157 
05/07/1985 445 09/07/1995 56 05/07/1996 156 
05/06/1995 403 09/08/1995 65 05/06/1996 149 
05/09/1995 339 09/09/1995 64 05/09/1996 139 
05/10/1985 333 09/10/1995 59 05/10/1996 140 
05/11/1985 279 09/11/1995 58 05/11/1996 117 
05/12/1906 266 Ue't2/1995 §2 05/12/1906 101 
05/13/1995 265 09/13/1995 56 05/13/1996 91 
05/14/1995 257 00/14/1995 61 05/14/1996 o4 
05/15/1995 241 00/15/1995 69 05/15/1996 118 
05/16/1905 209 00/16/1995 70 05/16/1906 121 
05/17/1988 184 09/17/1995 67 05/17/1906 158 
05/18/1996 194 09/18/1995 62 05/18/1996 260 
05/19/1986 203 09/19/1995 52 05/19/1996 273 
05/20/1995 202 09/20/1995 51 05/20/1996 215 
05/21/1996 208 08/21/1995 56 05/21/1996 208 
05/22/1995 251 09/22/1995 58 05/22/1996 275 
05/23/1995 230 00/23/1995 62 05/23/1996 221 
05/24/1995 2090 09/24/1995 61 05/24/1906 211 
05/25/1995 213 09/25/1995 80 05/25/1906 201 
05/26/1995 211 09/26/1995 79 05/26/1996 161 
05/27/1986 180 09/27/1995 78 05/27/1906 198 
05/28/1905 187 09/28/1995 77 05/28/1906 200 
05/20/1996 137 09/20/1906 865 05/20/1906 171 
05/30/1996 130 09/30/1995 87 05/30/1996 181 
05/31/1986 116 05/31/1906 149 
May-05 Sep-05 May-06 
Max 445 Max 87 Max 275 
Man 116 Min 47 Min 91 
Mean 261 Mean 63 Mean 168 
May-05 Sep-05 May-06 
Max 445 Max 87 Me- 275 
Min 116 Min 47 ND. 91 
Mean 261.1 Meen 62.9 Mean 167.8 
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09/01/1996 43 05/01/1997 164 09/01/1987 91 
09/02/1996 41 05/02/1997 171 09/02/1997 92 
09/03/1996 46 05/03/1997 162 09/03/1997 98 
09/04/1996 “4 05/04/1997 155 09/04/1997 86 
09/05/1996 50 05/05/1997 156 09/05/1997 58 
09/06/1996 40 05/06/1997 146 09/06/1997 58 
09/07/1996 44 05/07/1997 145 09/07/1997 50 
09/08/1996 47 05/08/1997 133 09/06/1997 42 
09/09/1996 41 05/09/1997 112 09/09/1997 “4 
00/10/1996 390 05/10/1997 102 09/10/1997 43 
00/11/1996 42 05/11/1997 111 09/11/1907 64 
00/12/1986 57 05/12/1997 107 09/12/1997 64 
00/13/1996 63 05/13/1997 114 00/13/1997 60 
00/14/1996 75 05/14/1997 171 00/14/1997 75 
00/15/1996 92 05/15/1997 146 00/15/1907 140 
00/16/1906 84 05/16/1997 78 09/16/1997 134 
00/17/1996 62 05/17/1997 72 00/17/1907 110 
00/16/1996 98 05/18/1997 71 09/18/1907 123 
00/19/1996 103 05/19/1997 67 00/19/1997 129 
00/20/1996 107 05/20/1997 63 09/20/1997 118 
00/21/1986 108 05/21/1997 58 09/21/1997 04 
00/22/1906 103 05/22/1997 52 09/22/1987 72 
00/23/1986 115 05/23/1997 64 09/23/1987 74 
00/24/1996 117 05/24/1997 71 09/24/1997 62 
00/25/1906 116 05/25/1997 80 00/25/1907 92 
00/26/1996 109 05/26/1997 90 09/26/1907 103 
00/27/1986 107 05/27/1997 86 09/27/1907 96 
00/28/1996 108 05/28/1997 88 09/28/1907 93 
00/20/1996 107 05/29/1997 74 00/29/1907 100 
09/30/1996 115 05/30/1997 63 09/30/1907 106 
05/31/1997 70 
Sep-06 May-07 Sep-07 

Max 117 Max 171 Max 140 
Min 30 Min §2 Min 42 
Mean 78 Mean 106 Mean 66 
Sep-06 May-07 Sep-07 

Max 117 Max 171 Max 140 
Min 39 Min 52 Min 42 
Mean 76.0 Mean 104.6 Mean 66.4 














05/01/1996 
05/02/1996 
05/03/1996 
05/04/1996 
05/05/1996 
05/06/1996 
05/07/1996 
05/06/1996 
05/08/1996 
05/10/1996 
05/11/1996 
05/12/1986 
05/13/1996 
05/14/1996 
05/15/1996 
05/16/1988 
05/17/1986 
05/18/1996 
05/19/1996 
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09/01/1998 
09/02/1998 
09/03/1996 
09/04/1996 
09/05/1996 
09/06/1996 
09/07/1996 
09/08/1996 
09/09/1998 
09/10/1996 
09/11/1988 
09/12/1986 
00/13/1988 
09/14/1906 
00/15/1998 
09/16/1998 
00/17/1908 
09/18/1996 
09/19/1996 


09/21/1998 
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153 
57 
101 


100.7 








05/01/1999 
05/02/1999 
04/03/1999 
05/04/1999 
05/05/1999 
05/06/1999 
05/07/1990 
05/08/1999 
05/09/1999 
05/10/1999 
05/11/1999 
05/12/1999 
05/13/1990 
05/14/1990 
05/15/1990 
05/16/1990 
05/17/1999 
05/18/1990 
05/19/1900 


Need NSS SSPSRSSSSSSSSSSSSSSSISRessgeyase 











- a 
a ae 





09/01/1999 
09/02/1999 
09/03/1999 
09/04/1999 
09/05/1999 
09/06/1999 
09/07/1999 
09/08/1999 
09/08/1999 
09/10/1999 
00/11/1998 
00/12/1990 
00/13/1999 
00/14/1999 
00/15/1990 
09/16/1999 
00/17/1998 
00/16/1999 
00/19/1990 


SSSSESIIINATIASNAseRasagaagerasyr 
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Zazk T. 


05/09/2000 174 


05/1 1/2000 144 
06/12/2000 151 
06/13/2000 155 
05/14/2000 155 
05/15/2000 155 
05/16/2000 184 
06/17/2000 175 
05/18/2000 170 
06/19/2000 162 
06/20/2000 130 
05/21/2000 128 


05/25/2000 131 
05/26/2000 134 
05/27/2000 116 
05/28/2000 113 
05/29/2000 113 
05/30/2000 126 
05/31/2000 126 
May-00 

Max 164 
Man 113 
Mean 149 
May-00 

Max 164 
Min 113 
Mean 149.4 
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Fall Chinook Salmon Retums to Shasta River Attachment 6 
1960-1989 





Year Adults | -Year old| Total 








1960 8495 995 9490 





‘(961 5250 | 3514 8764 





1962 9907 | 4991 | 14896 





1963 22624 | 9013 | 31837 





1964 30175 | 3648 | 34363 





1965 71% 775 7911 





1966 5573 451 6024 





1967 10478 | 1836 | 12314 





1968 13039 | 1003 | 14042 





1969 10576 | 3049 | 13625 





1970 12693 | 712 13405 

















1971 4970 | 1646 | 6619 
1972 2802 839 3614 
1973 4516 | 4902 9418 
1974 7376 | 2729 | 10105 
1975 11821 | 4211 | 16032 





1976 4154 | 1919 | 6073 





1977 | 5478 | 1960 | 7447_ 





1978 12024 | 6707 | 18371 








1979 7111 1040 8151 
1980 3762 8096 





4334 
1961 7890 | 4330 | 12220 





1982 6533 | 1922 





1983 3119 753 














1964 2362 480 
1985 2897 | 2227 
1966 3274 683 
1987 4299 398 








1908 | 2506 | 256 





1969 1440 137 





1990 ais | 118 





1991 716 10 





1992 520 66 





1993 1341 85 





1994 3363 | 1840 





1995 12616 | 695 
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1996 1305 145 
1997 1677 334 
1998 2404 138 
1998 1895 1292 3187 
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Adult Fall Chinook 

















@ Adult Fall Chinook 
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